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Abstract
This study aims to estimate an adult-equivalent 
scale for calorie requirements and to determine 
the differences between adult-equivalent and per 
capita measurements of calorie availability in the 
Brazilian population. The study used data from 
the 2002-2003 Brazilian Household Budget Sur-
vey. The calorie requirement for a reference adult 
individual was based on the mean requirements 
for adult males and females (2,550kcal/day). The 
conversion factors were defined as the ratios be-
tween the calorie requirements for each age group 
and gender and that of the reference adult. The 
adult-equivalent calorie availability levels were 
higher than the per capita levels, with the largest 
differences in rural and low-income households. 
Differences in household calorie availability var-
ied from 22kcal/day (households with adults and 
an adolescent) to 428kcal/day (households with 
elderly individuals), thus showing that per capi-
tal measurements can underestimate the real cal-
orie availability, since they overlook differences in 
household composition.
Food Consumption; Nutrition Surveys; Energy 
Requirement
Introduction
Household budget surveys have been used to 
measure household food availability based on 
food expenditures 1. Although they do not pro-
vide a direct measurement of individual food 
consumption, unlike dietary surveys, they do al-
low capturing wide variability in food consump-
tion for a significant portion of the population, 
and at a relatively low cost, besides allowing the 
disaggregation of information according to so-
cioeconomic strata and geographic regions 2. In 
addition, the periodic implementation of house-
hold budget surveys allows identifying trends in 
the population’s eating patterns over time 3.
Studies that assess food consumption based 
on household food availability generally over-
look the impact of family composition on this 
information, basing their analyses on per capita 
estimates. Such a strategy leads to a gap between 
these estimates and real family food consump-
tion, since they fail to consider the presence 
of family members with distinct energy needs, 
like children 4. Thus, adult-equivalent scales 
are useful tools for narrowing the difference be-
tween such estimates and real food consump-
tion and allowing the comparison of data for 
families with different compositions. This tool 
allows identifying the contribution of various 
family members to the overall household food 
consumption pattern, unlike per capita mea-
surements 5.
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Adult-equivalent scales are generally used 
in economic studies to allow comparison of ex-
penses and purchases by households with differ-
ent family compositions 6,7. However, few stud-
ies have focused on the use of adult-equivalent 
scales to assess dietary patterns 8,9,10. The current 
study aims to estimate an adult-equivalent scale 
for calorie requirements and identify the magni-
tude of the resulting differences as compared to 
per capita measurements of calorie availability 
in the Brazilian population, according to differ-
ent economic strata and geographic regions, us-
ing data from the Brazilian Household Budget 
Survey (HBS) 2002-2003 conducted by the Brazil-
ian Institute of Geography and Statistics (IBGE).
Methodology
Sample
The current study used data from the HBS 11 
conducted by the IBGE from July 2002 to June 
2003 in a probabilistic sample of 48,470 Brazilian 
households. The 2002-2003 survey used a cluster 
sampling plan, probabilistically selecting census 
tracts in the first stage and randomly selecting 
households in the second. For the selection pro-
cess, the tracts of the 2000 Demographic Census 
(IBGE. http://www.ibge.gov.br) were stratified 
into groups highly homogeneous with respect to 
geographic and socioeconomic characteristics. 
Variables considered in stratification were the 
location of the tract (Region, State, state capi-
tal/metropolitan area/non-capital, urban/ru-
ral) and the socioeconomic status of the tract’s 
households (represented by the mean years of 
schooling of heads of household, according to 
the 1996 population count) of each one of the 
geographic sites. This process led to 443 strata 
of geographically and socioeconomically homo-
geneous households. Households within each 
tract were selected by simple random sampling 
without reposition. Household visits were car-
ried out uniformly throughout the study’s four 
trimesters, so as to reproduce the seasonal varia-
tion in income and food purchases.
The principal information from the 2002-2003 
HBS analyzed in this study included the food and 
beverage purchases for household consumption 
recorded in a household expense booklet kept by 
the residents themselves (or by the interviewer 
when necessary) for seven consecutive days.
Analytical procedures
• Adult-equivalent conversion factors
To determine the adult-equivalent reference 
scale, we estimated the mean calorie require-
ments for men and women from 19 to 50 years 
of age, resulting in a reference value of 2,550kcal, 
in accordance with the Food and Nutrition Board 
guidelines 12.
The adult-equivalent fraction assigned to 
each individual was determined by the ratio 
between the calorie requirements (according 
to age, gender, and pregnant or breastfeeding 
status) and the estimated adult reference value 
(2,550kcal). The fractions varied from 0.29 for 
newborns to 1.18 for males from 15 to 18 years 
of age (Table 1).
• Estimated calorie availability
Initially, the records on purchases of a given food 
by the same household were added (a total of 
some 1,300 foods were mentioned). When ap-
plicable, the non-edible fraction of the food was 
excluded according to the corresponding correc-
tion factors 13. Subsequently, the total amount of 
each food purchased was converted into calories 
(kcal), using the AQUINUT software, version 1.0 
(NUPENS – Núcleo de Pesquisas Epidemiológicas 
em Nutrição e Saúde, http://www.fsp.usp.br/nu
pens), constructed mainly with the database 
from the Brazilian Food Composition Table 
(TACO, version 2. Núcleo de Estudos e Pesqui-
sas em Alimentação, Universidade Estadual de 
Campinas, Campinas, Brazil), and for foods not 
included in the above table, with the database 
from the United States official food composition 
table, version 15 (Department of Agriculture; 
http://www.nal.usda.gov/fnic/foodcomp). The 
food purchase records from the household be-
longing to the same strata were  then added to 
provide the total strata calorie availability. The 
amount of energy acquired (kcal/day) was ex-
pressed both in adult-equivalent and per capita 
units, dividing the total calories acquired by the 
number of food consumption recording days 
(seven) and then by the total number of adult-
equivalent units or household members.
• Socio-demographic variables
The mean household income in Brazilian Reais/
person/month was calculated by dividing the 
total monthly incomes of the strata members by 
the total number of residents in the strata, sub-
sequently expressed as income tertiles. Charac-
terization of the study units was completed with 
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the households’ geographic location, grouped 
in regional categories, North/Northeast and 
South/Southeast/Central-West, and urban-ver-
sus-rural area.
• Data analysis
The number of adult-equivalent units and per-
sons was estimated for both the total popula-
tion and according to the socio-demographic 
variables.
The study’s central variables – adult-equiva-
lent and per capita calorie availability – were ini-
Table 1
Adult-equivalent conversion factors for estimated calorie requirements according to age and gender.
Age (years) Calories * (kcal) Adult-equivalent 
conversion factor
Newborns
0-1 750 0.29
Children
1-3 1,300 0.51
4-6 1,800 0.71
7-10 2,000 0.78
Men
11-14 2,500 0.98
15-18 3,000 1.18
19-24 ** 2,900 1.14
25-50 ** 2,900 1.14
51+ 2,300 0.90
Women
11-14 2,200 0.86
15-18 2,200 0.86
19-24 ** 2,200 0.86
25-50 ** 2,200 0.86
51+ 1,900 0.75
Breastfeeding women (+500kcal) ***
11-14 2,700 1.06
15-18 2,700 1.06
19-24 2,700 1.06
25-50 2,700 1.06
51+ 2,400 0.94
Pregnant women (+300kcal) #
11-14 2,500 0.98
15-18 2,500 0.98
19-24 2,500 0.98
25-50 2,500 0.98
51+ 2,100 0.82
* According to Recommended Dietary Allowances (RDA) for 1989 12;
** Age brackets used as the reference for establishing an adult’s mean calorie requirements;
*** Additional 500kcal for breastfeeding, according to the RDA 12;
# Additional 300kcal for pregnancy, according to the RDA 12.
tially described by central tendency and dispersal 
measurements for the population as a whole and 
according to geographic region, urban-versus-
rural area, and income.
The difference between adult-equivalent and 
per capita calorie availability was analyzed as the 
outcome variable in a multiple linear regression 
model containing a set of variables representing 
each of the gender, age group, and physiological 
state (pregnant or breastfeeding) categories used 
in constructing the adult-equivalent scale (Table 
1) as explanatory variables. This model was used 
to estimate the predicted values for the difference 
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between adult-equivalent and per capita calorie 
availability according to 15 different family com-
positions (assigning a value of 0 for the absent 
individual category or the number of individuals 
present in the category in each of the simulation 
scenarios). The study scenarios involved both 
males and females in different life cycle stages 
(children, adolescents, adults, elderly, pregnant 
women, and breastfeeding women). The model 
equation used in our study can be defined as:
Dif_AE_PC = α+β1(Age0-1)+β2(Age1-3)+
β3(Age4-6)... +β24(Womanpreg.|Age51+) (1)
Where Dif_AE_PC is the difference between 
adult-equivalent and per capita calorie availabil-
ity; Age0-1 is the number of persons from 0 to 1 
year of age in the family (first cell in the adult-
equivalent scale, Table 1); Age2-3: is the number of 
persons from 2 to 3 years of age in the family; ... : 
represents n gender, age, and physiological state 
brackets; and Womangest.| Age51+: is the number 
of pregnant women and individuals 51 years de 
age or older in the family (last cell in the adult-
equivalent scale, Table 1).
The study’s analytical procedures were per-
formed with Stata version 9.2 (Stata Corp., Col-
lege Station, USA) and considered all the aspects 
of the 2002-2003 Household Budget Survey and 
their effect on the standard errors for all the re-
sulting estimates.
Results
Table 2 shows the total number of individuals 
and adult-equivalent units according to geo-
graphic region, urban-versus-rural area, and 
per capita income. Conversion of the number 
of individuals to adult-equivalent units resulted 
in important differences for all the studied sce-
narios, and this effect was greatest in the North/
Northeast, in the rural area, and in the lowest 
household per capita income tertile.
The measurements obtained from adult-
equivalent units were all higher than per capita 
measurements, suggesting underestimation of 
calorie availability if household composition is 
overlooked. The largest differences between per 
capita and adult-equivalent calorie availability 
were in the rural area and the lowest income ter-
tile (Table 3).
Figure 1 showed the predicted value for the 
difference between per capita and adult-equiv-
alent calorie availability for 15 different fam-
ily compositions. The estimated difference was 
positive in all the scenarios, ranging from 22 to 
428kcal/day, corroborating the underestima-
tion of household calorie availability using per 
capita measurements. The differences between 
the two estimates increase even further in fam-
ily compositions involving young children and 
older adults, whose energy requirements differ 
the most from those in 19 to 50-year-old adults 
(reference individual).
Discussion
Based on the records of food purchases in the 
2002-2003 HBS, use of the adult-equivalent scale 
had an important impact on Brazil’s household 
calorie availability estimates. The ratio between 
adult-equivalent and per capita calorie availabil-
ity was always greater than 1, indicating underes-
timation of calorie availability when household 
composition is overlooked. Although this effect 
was detected in all the simulation scenarios, it 
was particularly important in low-income and 
rural households.
Adult-equivalent scales have been used 
since the late 19th century. Although they are 
based on distinct principles, they have wide ap-
plication in the field of economic studies 14,15. 
Meanwhile, in other fields, like Nutrition, there 
has been little recognition of their importance 
or the possibilities for their application. This sit-
uation is aggravated by the use of scales devel-
oped with distinct methodologies and the lack 
of information on the elaboration of some of the 
available scales.
Most adult-equivalent scales currently used 
in nutritional studies are based on physiological 
coefficients, like calorie requirements. Thus, the 
main differences between these scales relates to 
the individual used as the reference (reference 
adult) and the choice of the set of calorie require-
ments 8,9,10.
Importantly, the reference for the current 
study was an adult individual (age 19 to 50 years), 
regardless of gender, since the calorie require-
ments for men and women were used jointly to 
estimate the reference value. Thus, one can es-
timate an adult-equivalent scale capable of at-
tenuating the impact of different age and gender 
compositions in the households. In addition, the 
wide adult age range used to define the reference 
individual guarantees good reliability for the 
scale proposed in this study.
In Brazil, the National Food Consumption 
and Family Budget Survey (ENDEF) led to the 
development of the first known adult-equivalent 
nutritional scale in the country, in the 1970s. The 
reference for that study was an adult male 20 to 
29 years of age, with an energy requirement of 
2,939kcal/day. The estimated factors varied from 
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Table 2
Absolute number of individuals and adult-equivalent calorie requirement units, according to geographic region, area (urban 
versus rural), and per capita income. Brazilian Household Budget Survey, 2002-2003.
Indicators Number of persons (a) Number of adult-
equivalent units (b)
(b x 100)/a
%
Geographic region
North/Northeast 62,800,000 55,600,000 88.54
South/Southeast/Central-West 113,200,000 101,400,000 89.58
Area
Urban 146,000,000 131,000,000 89.7
Rural 30,000,000 26,600,000 88.7
Per capita income tertiles (Reais)
1st 65,700,000 58,000,000 88.3
2nd 60,200,000 53,700,000 89.2
3rd 50,100,000 45,300,000 90.4
Total 176,000,000 157,000,000 89.2
Table 3
Per capita and adult-equivalent calorie availability according to geographic region, urban-versus-rural area, and per capita 
income. Brazilian Household Budget Surveys, 2002-2003.
Indicators Calorie availability (kcal/day)
Per capita Adult-equivalent
Mean (95%CI) Mean (95%CI)
Geographic region
North/Northeast 1,802.6 (1,761.8-1,843.4) 2,039.7 (1,993.4-2,086.0)
South/Southeast/Central-West 1,812.4 (1,748.2-1,876.7) 2,022.3 (1,951.4-2,093.1)
Area
Urban 1,691.6 (1,647.4-1,735.9) 1,895.1 (1,846.0-1,944.3)
Rural 2,377.6 (2,258.0-2,497.3) 2,675.1 (2,545.0-2,805.2)
Per capita income tertiles (Reais)
1st 1,553.8 (1,505.1-1,602.5) 1,790.3 (1,734.0-1,846.5)
2nd 1,845.5 (1,773.5-1,917.6) 2,061.3 (1,981.2-2,141.4)
3rd 2,027.5 (1,948.6-2,106.4) 2,234.0 (2,147.8-2,320.2)
Total 1,808.9 (1,764.0-1,853.8) 2,028.5 (1,978.8-2,078.2)
0.30 (for children under one year of age) to 1 (for 
males 20 to 50 years of age), and the scale was 
based on international calorie requirements, ac-
cording to guidelines from the Food and Agricul-
ture Organization (FAO) and the World Health 
Organization (WHO) in the 1970s 1. For several 
years this scale was considered the official in-
strument for adult-equivalent conversion in nu-
tritional studies 15. However, its reference values 
are now outdated in relation to current knowl-
edge (as to gender and age-specific calorie re-
quirements), thus leading to serious limitations 
in its use. Therefore, the use of this scale should 
no longer be considered efficient.
In a study on the use of findings from house-
hold budget surveys to implement food fortifica-
tion programs, the authors used a scale with an 
adult male over 20 years of age as the reference, 
based on calorie requirements recommended 
by FAO, highlighting the importance of using 
this tool. The set of adult-equivalent units were 
publicized by the study and varied from 0.27 (for 
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Figure 1 
Difference between per capita and adult-equivalent calorie availability according to different family compositions in households. Brazilian Household Budget 
Survey, 2002-2003.
children under 1 year of age) to 1 (for males over 
20 years of age) 10.
The methodology used in the current study 
was similar to one in a study on the nutritional 
transition in Mexico, based on household budget 
surveys, and which also adopted a reference in-
dividual based on mean calorie requirements for 
adult men and women (2,550kcal), according to 
Recommended Dietary Allowances (RDA). How-
ever, the number of age groups used (and their 
respective factors) and the inclusion of pregnant 
and breastfeeding women in the scale were not 
sufficiently explained 9.
Another Brazilian study compared the esti-
mated national calorie availability values using 
the adult-equivalent scale from the ENDEF and 
per capita values. The authors also observed that 
the per capita values tended to underestimate 
the real calorie availability. Use of the adult-
equivalent scale also reduced the variability in 
household calorie intake, proving to be the most 
precise method for estimating calorie consump-
tion using household budget surveys 8.
In the same direction, studies on food de-
mand in Brazil 16 and Turkey 17 also highlight the 
important influence of family composition on 
household dietary patterns, which provided the 
central justification for the use of adult-equiv-
alent scales. The adult-equivalent concept was 
also used to standardize individual food, calo-
rie, and macronutrient consumption in a study 
aimed at assessing the impact of economic 
policies on more vulnerable population groups 
in Vietnam (low-income individuals, rural resi-
dents, and ethnic minorities) 18.
The current study’s limitations relate to 
the methodology used to estimate the adult-
equivalent scale and to the database adopted 
for its application. Use of calorie consumption 
recommendations based on the American and 
Canadian population was necessary due to the 
lack of such recommendations for the Brazilian 
population. Although more recent recommen-
dations for individual calorie requirements are 
available, like the Dietary Reference Intake and 
Human Calorie Requirements, such references 
do not define mean calorie requirements accord-
ing to age group, gender, and physiological state, 
as proposed by the RDA 1989 12, and their appli-
cation requires inferences concerning the target 
population’s level of physical activity, weight, and 
height (information that is not fully available for 
the Brazilian population).
This choice may have reduced the estimated 
scale’s precision (due to the gap between the 
calorie requirements used as the reference and 
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the Brazilian population’s real calorie needs), 
given the very nature of calculating these re-
quirements 8,19. Still, it is natural to believe that 
an adult-equivalent scale estimated from calorie 
requirement data estimated specifically for the 
Brazilian population would be similar to that es-
timated in our study. Meanwhile, the widespread 
use of this set of recommendations means that 
the estimated adult-equivalent scale is applied 
to national and international studies. As for the 
database used for the adult-equivalent scale, 
namely the 2002-2003 HBS, its main limitation 
is that it is impossible to identify the amounts 
of food actually consumed, given that informa-
tion on eating outside the household could not 
be included in this study (i.e., such information 
was not collected in sufficient detail), and no 
information is available on the amount of food 
purchased but not consumed. Even so, there is 
no reason to believe that the direction of the re-
lations found here would have been different if it 
had been possible to properly assess food con-
sumption outside the home or even food wasted 
at home.
In short, the proposal for empirical applica-
tion of the equivalence concept using household 
budget data resulted in more reliable information 
on food availability (since the concept consid-
ers the different individuals and their respective 
calorie requirements in the households’ com-
position), indicating that the use of per capita 
measurements can  underestimate real calorie 
availability. The use of an adult-equivalent scale 
could even provide a more accurate assessment 
of the trends in the Brazilian population’s dietary 
pattern in the main metropolitan areas (studied 
in four periods since the 1970s), considering the 
changes in the country’s household demograph-
ic composition in each period, thus aiding the 
definition and adjustments of public policies for 
food and nutrition and health.
Resumo
Objetivou-se estimar uma escala adulto-equivalente 
de necessidade energética e determinar as diferenças 
entre medidas adulto-equivalente e per capita para 
disponibilidade energética da população brasileira. 
Utilizaram-se dados da Pesquisa de Orçamentos Fa-
miliares de 2002/2003. A necessidade energética de um 
indivíduo adulto de referência baseou-se na média das 
necessidades de homens e mulheres adultos (2.550kcal/
dia). Os fatores de conversão foram definidos como a 
razão entre a necessidade energética de cada grupo de 
idade e sexo e aquela do adulto de referência. Os va-
lores de disponibilidade de energia adulto-equivalente 
foram superiores aos per capita, sendo as maiores dife-
renças nos domicílios da área rural e de menor renda. 
As diferenças na disponibilidade energética domiciliar 
variavam entre 22kcal/dia (domicílio contendo adul-
tos e adolescente) e 428kcal/dia (domicílio onde resi-
dem idosos), demonstrando que medidas per capita 
podem subestimar a disponibilidade energética real, 
uma vez que ignoram diferenças na composição dos 
domicílios.
Consumo Alimentar; Inquéritos Nutricionais; Necessi-
dade Energética
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